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Introduction
Body posture is a way of keeping a person in a relaxed standing position, of which the external forms of manifestations are a spatial arrangement of each segment of the body and the silhouette of the body. Posture as a way of keeping oneself is not a passive system of the body segments, but belongs to motor acts with a high degree of automation. As the way of keeping oneself, the body posture must be seen as a dynamic act, maintaining an adequate body system in spite of the force of gravity and in the conditions of unstable equilibrium. The human body is not a rigid Newtonian solid. Maintaining an upright posture is a kind of act of mobility; the ability of coordination and the development of that coordination is a longterm process, requiring a large number of repetitions [1] [2] [3] [4] . The most frequently studied and most valuable postural reactions include the path length. The path (route), which is covered by the centre of feet pressure (COP), at the time of the test, depends on the time of imposed registration and on the motor speed of COP. Typically, incorrect balance control of standing posture is manifested by lengthening of this route. Since the deterministically chaotic movements of COP are two-dimensional, additional information on the stability of the posture can be obtained by analysing the individual components of the route of the statokinesiogram, i.e. separate sway in the sagittal plane and separate sway in the frontal plane. A separate analysis of each component of the posturogram allows us to determine in which plane the instability increases [2] . The standing posture with a standard test is characterised by larger sway in the sagittal plane. Movements of COP in the frontal plane are much smaller. The increase in instability in this plane is usually effectively compensated by the wider spacing of the feet [5] [6] [7] [8] [9] . The platform is used to test the postural response but can also be used for re-educating posture defects with biofeedback.
Aim of the research study
The aim of the study was the analysis of the relation between the quality of postures in the sagittal plane and the path length of the posturogram in girls and boys at school age.
Material and methods
The research included 503 girls and boys aged 12-15 years from randomly selected Primary School No. 13 (Figure 1 ) [10, 11] . Path length was tested on an R50300 Cosmogamma platform by Emildue (Figure 2) [12]. The path length is the total distance that the COP covered in both planes during the 30 s test (mm). The shorter the path, the more accurate the process of postural control was.
Statistical analysis
For statistical analysis we used the following: the arithmetic mean (x), the standard deviation (s), Kruskal-Wallis's analysis of variance, the Kolmogorov-Smirnov test, and for post hoc analysis the Bonferroni test. The level of significance was assumed at p ≤ 0.05 [13] .
Results
Size distributions in the age groups did not differ significantly. The average body height of girls was 161.45 cm, the average body mass was 50.84 kg and the average body mass index (BMI) 19.43 kg/m 2 . The average body height of boys was 165.41 cm, body mass 52.74 kg and BMI 19.08 kg/m 2 . Analysis of variance showed significant differences in the body height in relation to sex (p ≤ 0.001), significant differences in terms of age (p ≤ 0.001) and significant interaction of age and gender on the height of those tested (p ≤ 0.001). There was also a significant difference in body mass in relation to gender (p ≤ 0.03), significant differences in terms of age (p ≤ 0.001) and significant interaction of gender and age on the body mass of those tested (p ≤ 0.001). There was a significant variation in BMI in relation to age (p ≤ 0.004). No significant difference was observed for BMI in relation to gender. There was no significant interaction of gender and age on BMI. The body postures of those tested were divided based on a modification of Wolański typology into correct (K1, R2, L1 types) and defective groups. Defective posture included K2 and L2 R1P types, i.e. round, concave and flat back [4] . Two hundred ninety-seven (59.05%) correct postures were observed and 206 (40.95%) were defective. Path length for the entire studied group ranged from 490.26 mm with eyes open (OE) to 476.51 mm with eyes closed (CE). In girls the path length ranged from 476.83 mm with OE to 437.12 mm with CE, and in boys from 503.22 mm with OE to 514.52 mm with CE. Among girls in the test, with OE the path length was the lowest in 12-then 13-, 15-and 14-year-olds, respectively. In the test with CE, the path length was the lowest in 15-year-olds, then 13-, 14-and 12-year-olds, respectively. In the boys in the test with OE, the path length was lowest in 15-year-olds, then 14-, 12-and 13-yearolds, respectively. In the test with CE, the path length was the lowest in 14-year-olds, then 15-, 13-and 12-year-olds, respectively. With CE, extension of the path length in 12-year-old girls and 12-and 15-yearold boys was seen, while in the other groups its shortening was seen (Table 1, Figure 3) Figure 4 ).
Discussion
Among the unconditioned reflexes that a child is born with an important place is occupied by the reactions known as posture reflexes. These are numerous and can be divided into three groups: static, setting and balance reactions, with many subgroups. All of these reactions are connected and in essence provide the stability of an adopted posture (static reactions), allow the adoption of proper posture after improper position (setting and straightening reflexes) and ensure the balance of the body upon changes of the position of the centre of gravity (balance reflexes). These reflexes are somehow built into the mechanism of regulation of body posture. Earlier in the course of development, based on unconditioned reflexes, the conditioned reflexes are formed, which in turn form Analysis of movement of the COP on postural platform sheds some light on the quality of the mentioned postural reflexes. The significant shortening of paths in the test with CE can be explained by the fact that in the case of momentary lack of visual control in the test children there was greater concentration and focus on the test performed. Since the parameters of balance in the test with CE do not significantly deteriorate, then we are dealing with a lack of skills in the use of vision in the process of maintaining body balance among younger children. There is a lack of adequate coordination between vision and the motor system, which, in children, is still in development. A significant feature in children is the relatively low impact of sight on the variability of COP signal. Analysis of variance revealed significant differences in path length in relation to sex (p ≤ 0.001). The path was significantly shorter in girls both in tests with OE and CE (Table 3) . Post-hoc analysis (Bonferroni test) confirmed this significance. Analysis of variance showed also a significant effect of the test option (p ≤ 0.05). With eyes closed the path was extended in 12-year-old girls and 12-and 15-year-old boys, in the other groups it was shortened. Post-hoc analysis (Bonferroni test) confirmed this effect. In addition, analysis of variance revealed significant interaction of gender and age (p ≤ 0.02), a significant interaction of gender and test options (p ≤ 0.001) and a significant interaction of age and study options (p ≤ 0.001) ( Table 2) . Post-hoc analysis (Bonferroni test) confirmed this interaction (Tables 4-6). Analysis of variance with double classification showed no significant relations between the path length and the quality of body posture in the sagittal plane (Table 7) . Therefore, the issue of relations between body posture in the sagittal plane and the path length of the centre of feet pressure requires further research and analysis.
Conclusions
There were significant differences in the path length between girls and boys. The path was significantly shorter in girls, both in the test with OE and in the test with CE. A post hoc analysis (Bonferroni test) confirmed the significance. A significant effect of study options was also shown. With CE there was a lengthening of the path in 12-year-old girls and in 12-and 15-year-old boys, whereas in the other groups it was shortened. In addition, there was demonstrated a significant interaction of gender and age, a significant interaction of gender and study options and a significant interaction of age and study options. There were no significant differences in path length in relation to age. Analysis of variance with double classifica-tion showed no significant relation between the path length and the quality of the posture in the sagittal plane. The issue of relations between body posture in the sagittal plane and the path length of thecentre of feet pressure requires further research and analysis.
